Introduction
============

Medical advances in recent years have m\\ade kidney transplantation one of the most effective treatments for patients with end-stage kidney diseases ([@b1-ijmm-40-06-1840]). Optimized surgical techniques and the development of immunosuppressive therapy have resulted in improved long-term outcomes for patients following transplantation ([@b1-ijmm-40-06-1840]--[@b3-ijmm-40-06-1840]). However, these therapies may be impeded by a variety of different factors, including drug doses, adverse side effects and the unique and dynamic immune status of the individual, which leads to certain patients suffering from acute allograft rejection ([@b4-ijmm-40-06-1840],[@b5-ijmm-40-06-1840]). Acute rejection, which is caused by the development of cellular immunity following transplantation, has a strong negative prognostic effect on the chances of allograft survival ([@b6-ijmm-40-06-1840],[@b7-ijmm-40-06-1840]). Multiple processes are involved in acute rejection, including innate T-cell mediated rejection and adaptive antibody mediated rejection ([@b8-ijmm-40-06-1840]). In addition, the etiology of acute rejection is complicated and involves interactions between renal hemodynamics, inflammatory responses and molecular regulatory factors ([@b9-ijmm-40-06-1840]). The specifics of these interactions and the molecular mechanisms by which they occur are largely unknown.

MicroRNAs (miRNAs/miRs) are a class of ubiquitously distributed, endogenous, non-coding single-stranded RNAs ([@b10-ijmm-40-06-1840]). They are very short 19--25 nucleotide sequences that regulate gene expression by sequence-specific base pairing with the 3′-untranslated region (UTR) of their mRNA target, causing the degradation or translational repression of the mRNA ([@b11-ijmm-40-06-1840]). It has been determined that miRNAs are associated with a variety of cellular processes, including proliferation, differentiation, migration, growth, apoptosis and development ([@b12-ijmm-40-06-1840]) The aberrant expression of certain miRNAs is associated with multiple pathological conditions, including heart disease ([@b13-ijmm-40-06-1840]), kidney disease ([@b14-ijmm-40-06-1840]) and various types of cancer ([@b15-ijmm-40-06-1840]). Increasing evidence suggests that miRNAs serve critical roles in the regulation of innate and adaptive immune responses ([@b16-ijmm-40-06-1840],[@b17-ijmm-40-06-1840]). In addition, previous studies have reported that miRNA regulation is associated with organ transplantation and acute allograft rejection, and that miRNAs may be candidate biomarkers for the diagnosis of acute allograft rejection ([@b18-ijmm-40-06-1840]--[@b21-ijmm-40-06-1840]). An improved understanding of the multifunctional roles of miRNAs in the pathogenesis of acute rejection is crucial for the development of novel diagnostic tools and therapeutic strategies.

miR-650 has been reported to be upregulated in different types of cancer, including gastric cancer ([@b22-ijmm-40-06-1840]), lung adenocarcinoma ([@b23-ijmm-40-06-1840]) and hepatocellular carcinoma ([@b24-ijmm-40-06-1840]). miR-650 has been revealed to contribute to tumor cell proliferation and apoptosis suppression through interactions with upstream regulatory proteins. Zuo *et al* ([@b25-ijmm-40-06-1840]) determined that miR-650 activity was significantly correlated with the downregulation of the tumor suppressor phosphatidylinositol transfer protein CSR1. It has also been demonstrated that p16INK4a induces the expression of miR-650 in MCF7 cells and that miR-650 may downregulate cyclin dependent kinase 1 (CDK1) by pairing with the CDK1 3′-UTR ([@b26-ijmm-40-06-1840]). However, to the best of our knowledge miR-650 has not yet been investigated in acute allograft rejection.

The present study revealed that an increasing level of miR-650 was associated with the downregulation of B-cell CLL/lymphoma 11B (BCL11B) gene expression in acute renal allograft rejection. *In vitro* study using human renal glomerular endothelial cells (HRGECs) identified key events in acute allograft rejection following transfection with miR-650 mimics, whereas the opposite effects were observed in HRGECs transfected with a miR-650 inhibitor. The existence of a conserved miR-650 binding site on the 3′-UTR of BCL11B mRNA was predicted by computational algorithms and confirmed by a luciferase reporter assay. Furthermore, the knockdown of BCL11B using BCL11B-specific small interfering RNA (siRNA) significantly decreased the apoptosis rate of HRGECs. The results of the present study highlight a potential novel diagnostic marker for acute renal allograft rejection and provide novel therapeutic strategies for its treatment.

Materials and methods
=====================

Patient recruitment and sample collection
-----------------------------------------

Serum samples were collected from 29 recipients of renal transplants who underwent surgery at Xiangya Hospital (Central South University, Changsha, China) between March, 2014 and January, 2016. The serum samples were subsequently divided into two groups as follows: i) Transplantation patients with acute rejection (acute rejection group; n=19); and ii) transplantation patients with continuous stable kidney function (control group; n=10). The samples collected from patients with acute rejection were obtained within 24 h of their admission to hospital, the serum creatinine level was measured and they were subsequently confirmed as suffering from acute allograft rejection. Interpretation of the biopsy results was performed according to the Updated Banff 07 criteria by a qualified physician ([@b27-ijmm-40-06-1840]). All tissue samples were obtained from anonymized excess tissue, which was not required for diagnostic or clinical purposes. The present study was approved by the Ethics Committee of Xiangya Hospital of Central South University. Written informed consent was obtained from all participants. The demographic and clinical characteristics of all patients included in the present study are detailed in [Table I](#tI-ijmm-40-06-1840){ref-type="table"}.

Hematoxylin and eosin (H&E) staining
------------------------------------

Histological sections (5-*μ*m-thick) were perfused with 4% paraformaldehyde at 4°C for 6 h and stained with H&E (Sigma-Aldrich; Thermo Fisher Scientific, Inc., Waltham, MA, USA) for 5 min at room temperature. The results were observed under an inverted microscope (Ix81; Olympus Corp., Tokyo, Japan) at a magnification of ×20.

Immunohistochemistry
--------------------

The sections were embedded in paraffin and sectioned (5-*μ*m-thick). Subsequently, the sections were perfused with 4% paraformaldehyde at 4°C for 6 h, then placed onto Poly-Prep Slides (Sigma-Aldrich; Thermo Fisher Scientific, Inc.) and dried at 60°C for 1 h. The sections were deparaffinized in xylene (three times, 5 min each) at room temperature and hydrated in 100% ethanol followed by 95% ethanol. Then, the sections were treated with sodium citrate (10 mM) at 95°C for 10 min and placed at room temperature for 30 min. Expression levels were then detected using a Vectastain Universal elite ABC kit (1:50; cat. no. PK-6200; Vector Laboratories, Inc., Burlingame, CA, USA). The sections were blocked with 5% normal horse serum (Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) for 30 min at room temperature and incubated with anti-BCL11B antibodies (1:500; cat. no. ab18465; Abcam, Cambridge, UK) at 4°C overnight. Next, the sections were incubated with goat anti-rat IgG H&L (phycoerythrin) secondary antibodies (1:1,000; cat. no. ab7010; Abcam) for 15 min at room temperature. Subsequently, the sections were treated with a 3,3′-diamino-benzidine kit (Signet Laboratories, Inc., Dedham, MA, USA). The nuclei were stained with hematoxylin (cat. no. 790-2208; Ventana Medical Systems, Inc., Tucson, AZ, USA). The results were observed under an Ix81 inverted microscope (magnification, ×20).

Cell culture
------------

HRGECs (cat. no. 4000) were cultured in endothelial cell medium (ECM) (both from ScienCell Research Laboratories, Inc., San Diego, CA, USA) with 10% fetal bovine serum (FBS; cat. no. SH30071.03; HyClone; GE Healthcare Life Sciences, Logan, UT, USA), 100 U/ml penicillin, 100 mg/ml streptomycin and 2 mM glutamine (cat. no. 11090-081) (both from Thermo Fisher Scientific, Inc.). The HRGECs were incubated in an atmosphere with 5% CO~2~ at 37°C. Once they reached 70--80% confluence, the cells were split according to standard procedures. Following the experimental procedures, the cells were harvested in Dulbecco\'s modified Eagle\'s medium (cat. no. 08459-35; Nacalai Tesque, Inc., Kyoto, Japan) with 1% FBS in preparation for biochemical analyses.

Immunofluorescence staining
---------------------------

Cells were fixed with 4% paraformaldehyde for 10 min at room temperature, and subsequently blocked with 5% FBS containing 0.5% Triton x-100 for 5 min at room temperature. The HRGECs were then incubated overnight at 4°C with primary antibodies directed against BCL11B (1:500; cat. no. ab18465; Abcam) and then with Alexa Fluor^®^ 488-conjugated goat anti-rabbit IgG (cat. no. A-11034; Thermo Fisher Scientific, Inc.) for 1 h at room temperature. Cell slides were mounted with mounting buffer containing DAPI and immunofluorescence was observed under a fluorescence microscope (magnification, ×10).

RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR)
-----------------------------------------------------------------------------------------

Total RNA was extracted using TRIzol reagent (cat. no. 15596-026; Invitrogen; Thermo Fisher Scientific, Inc.) from acute rejection and normal allograft tissues, and the transfected HRGECs, according to the manufacturer\'s protocol. First-strand cDNA was synthesized from 1 *μ*g of total RNA using the RevertAid First Strand cDNA Synthesis kit (Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol. qPCR was then performed with the KAPA SYBR FAST qPCR kit (cat. no. KK4601; Kapa Biosystems, Inc., Wilmington, MA, USA) on a real-time PCR system. The reaction was performed in a 20 *μ*l volume and the thermocycling conditions were as follows: 95°C for 10 min; 38 cycles of 95°C for 10 sec, 60°C for 2 min and 72°C for 2 min; and then 72°C for 10 min. Each assay was performed in triplicate and β-actin or U6 was used as the endogenous control gene. The primer sequences used were as follows: BCL11B forward, 5′-TGCCAGTGTCAGTTGTCAGG-3′ and reverse, 5′-CCAGGTAGATGCGGAAGC-3′; miR-650 forward, 5′-ACACTCCAGCTGGGAGGAGGCAGCGCTCT-3′ and reverse, 5′-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGTCCTG-3′; U6 forward, 5′-CTCGCTTCGGCAGCACA-3′ and reverse, 5′-AACGCTTCACGAATTTGCGT-3′; and β-actin forward, 5′-ATCGTGCGTGACATTAAGGAGAAG-3′ and reverse, 5′-AGGAAGGAAGGCTGGAAGAGTG-3′. The relative amount of miR-650 and BCL11B was calculated using the 2^−ΔΔCq^ method with U6 and β-actin as the controls, respectively ([@b28-ijmm-40-06-1840]).

miR-650 mimic, inhibitor and mock transfection
----------------------------------------------

An miR-650 mimic, inhibitor and mock (scrambled control) were chemically synthesized by Shanghai GenePharma Co., Ltd. (Shanghai, China). The sequences for the miR-650 mimic, inhibitor and mock were 5′-AGGAGGCAGCGCUCUCAGGAC-3′, 5′-GUCCUGAGAGCGCUGCCUCCU-3′ and 5′-UUCUCCGAACGU GUCACGUTT-3′, respectively. Cells (5×10^4^ cells/well) were seeded in 6-well plates in ECM without antibiotics. The miR-650 mimic, inhibitor and mock (50 nM) were transfected into HRGECs at 80% confluence using Lipofectamine™ 3000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol.

siRNA transfection
------------------

The BCL11B-specific siRNA and a non-silencing negative control (NC) siRNA were chemically synthesized by Shanghai GenePharma Co., Ltd. The BCL11B targeting sequence was 5′-CCUGGAGAAACACAUGAA ATT-3′ (sense). The sequence of the control siRNA was 5′-UUCUCCGAACGUGUCACGUTT-3′ (sense). HRGECs (2×10^4^ cells/well) were transfected with BCL11B-sepcific siRNA (50 *μ*M) or NC siRNA (50 *μ*M) using Lipofectamine 3000 reagent for 24 h according to the manufacturer\'s protocols.

Determination of cell proliferation using the cell counting kit-8 (CCK-8) assay
-------------------------------------------------------------------------------

The proliferation assay was performed using a CCK-8 assay (cat. no. CK04; Dojindo Molecular Technologies, Inc., Shanghai, China) according to the manufacturer\'s protocol to evaluate cell proliferation. Cells were seeded at a density of 5×10^4^ cells/well in a 96-well plate. At each time point (0, 24, 48 and 72 h) CCK-8 solution (15 *μ*l) was added to each well, and the cells were further incubated for 2 h at 37°C. The absorbance of samples at 450 nm was then determined using a microplate plate reader.

Determination of apoptosis by flow cytometry
--------------------------------------------

The rate of cell apoptosis was determined using an Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) apoptosis detection kit (BioVision, Inc., Milpitas, CA, USA). HRGECs were detached with trypsin-EDTA and washed with phosphate-buffered saline (PBS). They were subsequently resuspended in a binding buffer \[10 mM HEPES (pH 7.4); 150 mM NaCl; 5 mM KCl; 1 mM MgCl~2~; 1.8 mM CaCl~2~\] containing Annexin V-FITC (1 g/ml) and further incubated for 20 min at the room temperature. At 10 min prior to the end of incubation, PI (10 g/ml) was added to the cell suspension to stain necrotic cells. The cells were then analyzed via fluorescence-activated cell sorting using a FACSCalibur flow cytometer (BD Biosciences, San Jose, CA, USA) equipped with a 488 nm excitation laser, and analyzed using ModFit LT 2.0 software (Verity Software House, Topsham, ME, USA).

Cell cycle analysis using flow cytometry
----------------------------------------

Cells were harvested and washed with cold PBS, and subsequently fixed with 70% ethanol overnight at −20°C. The fixed cells were then washed with cold PBS, centrifuged (1,000 × g for 10 min at 4°C) and the supernatant was discarded. The cells were stained with a PI solution (10 *μ*g/ml RNase A; 50 *μ*g/ml PI) at 37°C for 30 min in the dark. The cell cycle distribution was then analyzed using a flow cytometer with CellQuest 3.0 software (BD Biosciences).

Cytokine and chemokine enzyme-linked immunosorbent assay (ELISA)
----------------------------------------------------------------

The quantification of cytokines and chemokines were evaluated using ELISA kits, as described below (eBioscience; Thermo Fisher Scientific, Inc.). The levels of pro-inflammatory cytokines and chemokines were analyzed 48 h post-transfection. The homogenates were sonicated for 20 sec at 400 W at 4°C and centrifuged at 13,000 × g for 10 min at 4°C. The total protein concentration was measured using a DC™ protein assay (Bio-Rad Laboratories, Inc., Hercules, CA, USA) prior to quantification of interleukin-2 (IL-2) (cat. no. BMS221-2), IL-9 (cat. no. 88-7958-88), IL-13 (cat. no. 88-7439-88), interferon-γ (IFN-γ) (cat. no. KHC3014) and chemokine (C-C motif) ligand 5 (cat. no. BMS287-2INST) by ELISA according to the manufacturer\'s protocol. Data was expressed as pg/mg of total protein.

Macrophage chemotactic assay
----------------------------

A macrophage chemotactic assay was performed using Transwell cell migration chambers with 5 *μ*m-pore inserts (Cell Biolabs, Inc., San Diego, CA, USA) in a 24-well plate. The lower chambers contained ECM that the HRGECs were cultured in for 48 h after transfection with the miR-650 mimic, inhibitor or mock as a chemotactic stimulus. A total of 3×10^5^ (10,000 cells/insert) THP-1 macrophages (cat. no. AA-CELL-63; American Type Culture Collection, Manassas, VA, USA) were placed into the upper chambers in a serum-free RPMI-1640 (cat. no. 430-1800EG; Gibco; Thermo Fisher Scientific, Inc.). The percentage of cells that migrated to the lower chamber was determined by Invitrogen CyQuant™ GR (Thermo Fisher Scientific, Inc.) staining for 20 min at 37°C. Fluorescence was measured with a Victor 1420 Multilabel Counter microplate reader (Wallac, Turku, Finland) at 480 and 520 nm, and analyzed by ImageJ (version 1.45s; National Institutes of Health, Bethesda, MD, USA) and 3D Slicer (version 4.3; [slicer.org](http://slicer.org)) software.

Western blot analysis
---------------------

For western blot analysis, acute rejection and normal allograft samples were sonicated for 5 sec on ice twice at 100 W in 50 mM lysis buffer \[3.1 mM sucrose (pH 7.4); 1 mM dithiothreitol, 10 *μ*g/ml leupeptin; 10 *μ*g/ml soybean trypsin inhibitor; 2 *μ*g/ml aprotinin; 0.1% Triton x-100\]. Homogenates were centrifuged at 10,000 × g at 4°C for 20 min and the supernatants were collected. The total protein concentration was measured using the Bradford protein assay (Bio-Rad Laboratories, Inc.). Protein lysates (30 *μ*g/lane) were separated using 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to polyvinylidene difluoride membranes. Following blocking with 1% bovine serum albumin (BSA; cat. no. EQBAH62; Europa Bioproducts, Ltd., Cambridge, UK) for 1.5 h at room temperature, the membranes were incubated overnight with monoclonal primary antibodies directed against caspase-8 (cat. no. ab32397; Abcam) and BCL11B (cat. no. ab28448) \[both Abcam and diluted 1:1,000 in PBS-Tween-20 (PBS-T) with 1% BSA\] at 4°C overnight. The membranes were then washed in PBS-T three times (10 min/wash) and probed with the appropriate secondary antibody (1:2,000; cat. no. ab6721; Abcam) for 1 h at room temperature. The membranes were developed using enhanced chemiluminescence (Immun-Star HRP Chemiluminescent kit; Bio-Rad Laboratories, Inc.), and the band densities were measured with a Versa Doc™ MP 5000 molecular imager and Quantity One software (version 4.6) (both Bio-Rad Laboratories, Inc.). Equal protein loading was verified by measurement of the glyceraldehyde 3-phosphate dehydrogenase (GAPDH) level with a mouse monoclonal antibody (1:2,000; cat. no. ab8245; Abcam).

miR-650 target prediction and verification by luciferase assay
--------------------------------------------------------------

The putative targets of miR-650 were predicted using TargetScan (version 6.2; [targetscan.org](http://targetscan.org)), miRBase (version 21; [miRBase.org](http://miRBase.org)), PicTar (version 4.0.24; pictar.mdcberlin.de) and miRanda (version 3.3a; [microrna.org](http://microrna.org)). The human BCL11B wild-type and mutant 3′-UTR reporter vectors were constructed by inserting annealed oligonucleotides with flanking restriction sites into a pmirGLO Dual-Luciferase miRNA Target Expression Vector (Promega Corp., Madison, WI, USA). A total of 3×10^5^ cells were seeded in a 24-well plate and co-transfected with the wild-type or mutant BCL11B vectors and the miR-650 mimic using Lipofectamine 3000 (Thermo Fisher Scientific, Inc.). Firefly luciferase and *Renilla* luciferase signals were measured after 48 h using the Dual-luciferase assay reporter kit (cat. no. E1910; Promega Corp.) and quantified using a Lumat LB 9501 luminator. A *Renilla* plasmid was used as an internal reference and Firefly luciferase activity was normalized to *Renilla* luciferase.

Statistical analysis
--------------------

Statistical calculations were performed using GraphPad Prism software (version 6; GraphPad Software, Inc., La Jolla, CA, USA). Data are presented as the mean ± standard error of the mean. A Student\'s t-test was used for comparisons between two groups and multiple-factor analysis was used was used for the comparisons of multiple groups. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

miR-650 expression is increased and BCL11B expression is decreased in acute kidney rejection
--------------------------------------------------------------------------------------------

The expression of miR-650 has been evaluated in different types of cancer ([@b29-ijmm-40-06-1840]); however, to the best of our knowledge, it has not yet been investigated in acute allograft rejection after kidney transplantation. The level of miR-650 expression in the acute rejection group compared with the control group was determined using RT-qPCR. Significant upregulation of miR-650 was identified in the acute rejection group in comparison with the control group ([Fig. 1A](#f1-ijmm-40-06-1840){ref-type="fig"}). The protein expression of BCL11B was evaluated by western blot analysis. This indicated that BCL11B expression was notably lower in the acute rejection group compared with the control group ([Fig. 1B](#f1-ijmm-40-06-1840){ref-type="fig"}). RT-qPCR reported similar results in regards to BCL11B mRNA expression, which was significantly lower in the acute rejection group compared with the control group ([Fig. 1A](#f1-ijmm-40-06-1840){ref-type="fig"}).

Histological features of acute rejection
----------------------------------------

Histological sections from the patients were stained with H&E in order to determine the main histologic features in the acute rejection group compared with the control group ([Fig. 1C](#f1-ijmm-40-06-1840){ref-type="fig"}). These included margination of neutrophils in peritubular capillaries, arterial fibrinoid necrosis, thrombotic microangiopathy and acute tubular injury. Furthermore, immunohistochemistry analysis revealed that BCL11B expression was markedly increased in the acute rejection group in comparison with the control ([Fig. 1C](#f1-ijmm-40-06-1840){ref-type="fig"}).

Transfection of the miR-650 inhibitor and mimic into HRGECs
-----------------------------------------------------------

To explore the functional role of miR-650 in acute renal rejection, an miR-650 mimic, inhibitor or mock were transfected into HRGECs. The expression level of miR-650 was then evaluated using RT-qPCR ([Fig. 2A](#f2-ijmm-40-06-1840){ref-type="fig"}). It was revealed that the miR-650 mimic significantly increased the level of miR-650, whereas the miR-650 inhibitor significantly decreased the level of endogenous miR-650, in comparison with cells transfected with the miR-650 mock.

Upregulation of miR-650 significantly decreases HRGEC viability and increases apoptosis
---------------------------------------------------------------------------------------

The effect of miR-650 on cell viability and proliferation were determined. The CCK-8 assay demonstrated that 48 h after transfection with the miR-650 mimic cell viability was significantly decreased compared with cells transfected with the miR-360 inhibitor or mock ([Fig. 2B](#f2-ijmm-40-06-1840){ref-type="fig"}).

The rate of apoptosis was determined by flow cytometry. The cell apoptosis rate was significantly increased in cells transfected with miR-650 mimics compared with the cells transfected with the miR-650 mock ([Fig. 3A](#f3-ijmm-40-06-1840){ref-type="fig"}). Additionally, the cells transfected with the miR-650 inhibitor had a significantly lower apoptosis rate compared with the mock group ([Fig. 3A](#f3-ijmm-40-06-1840){ref-type="fig"}). Cell cycle distribution was measured by flow cytometry, and it was revealed that the proportion of cells in S phase was significantly increased in the miR-650 mimic group compared with the mock and inhibitor groups, indicating that miR-650 inhibited G~1~ and G~2~/M phase arrest to promote cell proliferation ([Fig. 3B](#f3-ijmm-40-06-1840){ref-type="fig"}).

Immunofluorescence analysis revealed that the level of BCL11B was notably reduced in cells transfected with the miR-650 mimic, whereas it was notably increased in cells transfected with the miR-650 inhibitor ([Fig. 4A](#f4-ijmm-40-06-1840){ref-type="fig"}). Western blot analysis demonstrated that the BCL11B protein expression was markedly higher in cells transfected with the miR-650 inhibitor compared with cells transfected with the miR-650 mimic ([Fig. 4B](#f4-ijmm-40-06-1840){ref-type="fig"}). By contrast, the expression of caspase-8 was enhanced in cells transfected with the miR-650 mimic, while an opposite effect was observed in miR-650 inhibitor-transfected cells ([Fig. 4B](#f4-ijmm-40-06-1840){ref-type="fig"}).

miR-650 regulates the release of allograft rejection-associated cytokines from HRGECs
-------------------------------------------------------------------------------------

ELISA was used to determine the levels of pro-inflammatory cytokines and chemokines. The results revealed that HRGECs transfected with the miR-650 mimic released a significantly higher amount of IFN-γ and a significantly lower amount of IL-13 compared with HRGECs transfected with the miR-650 inhibitor and mock ([Fig. 5A](#f5-ijmm-40-06-1840){ref-type="fig"}).

A chemotaxis assay was used to evaluate macrophage chemotaxis towards a conditioned medium from cells transfected with the miR-650 mimic, inhibitor or mock. The results revealed that the conditioned medium from miR-650 inhibitor-transfected cells notably decreased macrophage migration compared with the miR-650 mock-transfected cells, whereas the medium from miR-650 mimic transfected-cells had a notably increased level of macrophage migration compared with the mock transfected cells ([Fig. 5B](#f5-ijmm-40-06-1840){ref-type="fig"}).

BCL11B as a target of miR-650
-----------------------------

The computational prediction software packages miRBase, TargetScan, PicTar and miRanda were used to identify the potential binding sites for BCL11B mRNA on miR-650. It was revealed that the 3′-UTR of BCL11B mRNA possessed the miR-650 binding site ([Fig. 6A](#f6-ijmm-40-06-1840){ref-type="fig"}) and that this binding site was conserved in mammals (data not shown). The effect of miR-650 on the translation of BCL11B mRNA into protein was evaluated using a luciferase reporter assay. The miR-650 mimic significantly decreased the luciferase activity of the reporter gene with a wild-type BCL11B 3′-UTR compared with the NC ([Fig. 6B](#f6-ijmm-40-06-1840){ref-type="fig"}). However, the regulatory effect of miR-650 was suppressed when the predicted miR-650 binding site in BCL11B mRNA was mutated.

Transfection of BCL11B siRNA
----------------------------

The NC siRNA-transfected cells did not differ in any evaluation in all experimental groups (data not shown); therefore, the NC siRNA-transfected cells were used as a control for the BCL11B siRNA-transfected cells in all siRNA experiments. Knockdown of BCL11B expression by BCL11B siRNA was evaluated by RT-qPCR, western blot analysis and immunofluorescence. The level of BCL11B in the BCL11B siRNA-transfected cells was significantly reduced compared with the NC cells ([Fig. 7](#f7-ijmm-40-06-1840){ref-type="fig"}). A lower level of caspase-8 protein expression was also observed in the BCL11B siRNA-transfected group ([Fig. 7B](#f7-ijmm-40-06-1840){ref-type="fig"}).

Cell viability and apoptosis rates were measured by flow cytometry and a CCK8 assay. It was revealed that BCL11B siRNA transfection significantly increased the apoptotic rate of HRGECs in comparison with the NC ([Fig. 8A and B](#f8-ijmm-40-06-1840){ref-type="fig"}). The survival of HRGECs was identified as being significantly reduced in cells transfected with BCL11B siRNA compared with the NC at 48 h after transfection ([Fig. 8C](#f8-ijmm-40-06-1840){ref-type="fig"}).

To explore the combined effect of the miR-650 mimic and inhibition of BCL11B, BCL11B siRNA was transfected into HRGECs in combination with mock, inhibitor or mimic miR-650. Flow cytometry revealed that the apoptotic rate was significantly increased in cells transfected with BCL11B siRNA and the miR-650 mimic compared with the other combinations ([Fig. 9A](#f9-ijmm-40-06-1840){ref-type="fig"}). Western blot analysis indicated that transfection of BCL11B siRNA combined with the miR-650 mimic further enhanced the expression of caspase-8 in comparison with the other groups. ([Fig. 9B](#f9-ijmm-40-06-1840){ref-type="fig"})

Discussion
==========

Acute renal rejection is a major cause of allograft dysfunction and the most common type of kidney transplant rejection ([@b30-ijmm-40-06-1840]). Acute renal rejection has a rapid onset and can occur just weeks after transplantation. The risk of developing acute renal rejection can be reduced by the use of prophylactic immunosuppressive drugs ([@b31-ijmm-40-06-1840]), which has dramatically decreased the incidence rate of acute renal rejection over the past three decades ([@b32-ijmm-40-06-1840],[@b33-ijmm-40-06-1840]). However, the optimization of immunosuppressive methods to prevent allograft rejection and minimize drug toxicity, infection and malignancy remains challenging. The early diagnosis of acute renal rejection is important for effective treatment with immunosuppressants and corticosteroids. Increasing evidence has demonstrated that miRNAs are differentially expressed in acute renal rejection and serve essential roles in its progression ([@b34-ijmm-40-06-1840]--[@b36-ijmm-40-06-1840]). Previous studies have reported that miRNAs may be used as a liquid biopsy tool, for applications including distinguishing squamous cell carcinoma in lung cancer biopsies ([@b37-ijmm-40-06-1840]), and predicting the pathological response ([@b38-ijmm-40-06-1840]) of patients with and without acute rejection ([@b39-ijmm-40-06-1840],[@b40-ijmm-40-06-1840]). This suggests that the abnormal expression of miRNAs is highly correlated with the progression of acute renal rejection where they serve an essential regulatory role. Therefore, the identification of miRNA markers may be critical for the early diagnosis of acute renal rejection.

Previous studies have revealed that specific miRNAs are favorable for the prediction of acute renal rejection, including miR-142-5q ([@b41-ijmm-40-06-1840]), miR-155 ([@b42-ijmm-40-06-1840]), miR-142-3q ([@b43-ijmm-40-06-1840]) and miR-223-3q ([@b44-ijmm-40-06-1840]). These miRNAs were identified to be upregulated in transplanted renal tissue and peripheral blood lymphocytes. In addition, urinary levels of specifics miRNAs have been considered as diagnostic markers for acute renal rejection; Lorenzen *et al* ([@b45-ijmm-40-06-1840]) identified a significantly decreased level of miR-210 in the urine samples from patients with acute renal rejection compared with those without rejection. In the present study, the expression and role of miR-650 in acute renal rejection was investigated. An increased expression of miR-650 was identified in patients with acute renal rejection compared with patients with normal allografts, which suggests that miR-650 may serve a functional role in the development of acute renal rejection. Furthermore, the *in vitro* model using HRGECs transfected with a miR-650 mimic revealed that the upregulation of miR-650 significantly suppressed cell proliferation and induced apoptosis. Transfection with the miR-650 mimic also significantly enhanced the release of inflammatory cytokines and chemokines, and promoted macrophage chemotaxis. These results suggest that miR-650 serves an essential regulatory role in acute renal rejection and may be considered as a potential diagnostic marker for acute renal rejection.

Previous studies have demonstrated that miR-650 contributes to the development of cancer by targeting tumor suppressor and apoptotic factors during cancer progression ([@b46-ijmm-40-06-1840],[@b47-ijmm-40-06-1840]). Huang *et al* ([@b23-ijmm-40-06-1840]) revealed that miR-650 is a prognostic factor in human lung adenocarcinoma and regulates the B cell lymphoma-2/Bax signaling pathway by targeting tumor suppressor inhibitor of growth protein 4. In the present study, it was revealed that the upregulation of miR-650 contributed to the apoptosis of HRGECs by targeting BCL11B. BCL11B, also known as CTIP2, is a transcriptional factor expressed in several different types of cancer, including lymphoma, melanoma and prostate cancer ([@b48-ijmm-40-06-1840]--[@b50-ijmm-40-06-1840]). BCL11B is implicated in multiple biological processes, including cell proliferation ([@b51-ijmm-40-06-1840]), apoptosis ([@b52-ijmm-40-06-1840]) and the immune response ([@b53-ijmm-40-06-1840]), as well as different pathological conditions, including cancer ([@b54-ijmm-40-06-1840]), inflammation ([@b55-ijmm-40-06-1840]), cardiac hypertrophy ([@b56-ijmm-40-06-1840]) and human immunodeficiency virus latency ([@b57-ijmm-40-06-1840]). Previous studies have demonstrated that BCL11B also contributes to T-cell development and T-cell identity ([@b53-ijmm-40-06-1840],[@b58-ijmm-40-06-1840],[@b59-ijmm-40-06-1840]). Additionally, BCL11B serves a critical role in the production and release of cytokines, including IFN-γ, IL-5 and IL-13 ([@b60-ijmm-40-06-1840]--[@b62-ijmm-40-06-1840]). T-cells and cytokines are important modulators of acute renal injury ([@b61-ijmm-40-06-1840]). In the present study, it was revealed that BCL11B expression was negatively associated with the level of miR-650 and was significantly decreased in patients with acute renal rejection in comparison to patients with normal allografts. The potential binding sites for miR-650 on BCL11B mRNA were identified by computational prediction. The results of the present study suggest that miR-650 targets BCL11B mRNA, and that its upregulation reduces the expression of BCL11B, resulting in apoptosis, the release of cytokines and chemokines, and macrophage chemotaxis. The expression of caspase-8 was also negatively associated with the level of BCL11B, indicating that apoptotic signaling was upregulated by the suppression of BCL11B in acute renal rejection. The effect of BCL11B demonstrated in the present study is different from its previously demonstrated effect as a tumor suppressor ([@b63-ijmm-40-06-1840]) and immune response inducer ([@b64-ijmm-40-06-1840]). The results of the present study also revealed mechanistic insights into the functioning of miR-650, as well as the novel regulatory role of BCL11B.

To the best of our knowledge, the present study is the first to demonstrate that the upregulation of miR-650 contributes to the progression of acute renal rejection, which occurs via promoting apoptosis and immune responses through the targeting of BCL11B. In addition, the inhibition of miR-650 was identified to provide an efficient protective effect by reducing the expression of BCL11B, resulting in a lower level of apoptosis and immune responses, and increased cell migration. These results indicate that miR-650 is a potential novel diagnostic factor for acute renal rejection and may provide novel therapeutic strategies for its treatment.

![Changes in the acute rejection group compared with the control group. (A) The relative expression levels of miR-650 and BCL11B RNA in the acute rejection and normal allograft groups were measured by reverse transcription-quantitative polymerase chain reaction analysis. (B) Western blot analysis was performed to measure BCL11B protein expression. (C) Histological images of the acute rejection group were determined by H&E staining (magnification, ×20). The black arrows indicate the margination of neutrophils in peritubular capillaries, arterial fibrinoid necrosis, thrombotic microangiopathy and acute tubular injury. The BCL11B level was analyzed by IHC. ^\*\*^P\<0.05. BCL11B, B-cell CLL/lymphoma 11B; miR, microRNA; H&E, hematoxylin and eosin; IHC, immunohistochemistry.](IJMM-40-06-1840-g00){#f1-ijmm-40-06-1840}

![Transfection of the miR-650 mimic, mock or inhibitor into HRGECs. (A) The relative expression level of miR-650 was measured by reverse transcription-quantitative polymerase chain reaction analysis following transfection. The relative expression is given as the mean of four independent experiments. ^\*^P\<0.05. (B) A cell counting kit-8 assay was performed at 24, 48 and 72 h to measure HRGEC viability following transfections. ^\*\*^P\<0.01 vs. the mimic group. HRGEC, human renal glomerular endothelial cell; miR, microRNA; OD, optical density.](IJMM-40-06-1840-g01){#f2-ijmm-40-06-1840}

![Apoptotic rate and cell cycle analysis of HRGECs following transfection of the miR-650 mimic, mock or inhibitor. (A) The apoptotic rate of each group was detected by Annexin V-FITC/PI staining and flow cytometry. In the flow charts the lower right quadrant indicates early apoptotic cells, and the upper right quadrant indicates necrotic and late apoptotic cells. (B) Cell cycle analysis of the HRGECs was performed using PI and flow cytometry. ^\*^P\<0.05 and ^\*\*^P\<0.01. HRGEC, human renal glomerular endothelial cell; miR, microRNA; FITC, fluorescein isothiocyanate; PI, propidium iodide.](IJMM-40-06-1840-g02){#f3-ijmm-40-06-1840}

![Expression of BCL11B in HRGECs transfected with the miR-650 mimic, mock or inhibitor. (A) The expression of BCL11B was determined by immunofluorescence analysis. (B) Western blot analysis was performed to measure the protein expression of caspase-8 and BCL11B. BCL11B, B-cell CLL/lymphoma 11B; HRGEC, human renal glomerular endothelial cell; miR, microRNA.](IJMM-40-06-1840-g03){#f4-ijmm-40-06-1840}

![miR-650 affects the release of allograft rejection-associated cytokines from HRGECs and regulates macrophage chemotaxis. (A) Levels of pro-inflammatory cytokines and chemokines were measured by ELISA following the transfection of the miR-650 mimic, mock or inhibitor. (B) A chemotaxis assay was performed to evaluate macrophage chemotaxis towards a conditioned medium from cells transfected with the miR-650 mimic, mock or inhibitor (magnification, ×20). ^\*^P\<0.05 and ^\*\*^P\<0.01. miR, microRNA; HRGEC, human renal glomerular endothelial cell; IL, interleukin; IFN, interferon; RANTES, chemokine (C-C motif) ligand 5; ELISA, enzyme-linked immunosorbent assay.](IJMM-40-06-1840-g04){#f5-ijmm-40-06-1840}

![BCL11B as a target of miR-650. (A) The conserved miR-650 binding site of the 3′-untranslated region of BCL11B mRNA was predicted using software packages. (B) A luciferase activity assay was performed on the lysates of human renal glomerular endothelial cells transfected with plasmids encoding WT or MUT BCL11B in the presence of miR-650 or a NC. ^\*\*^P\<0.01 vs. the NC group. BCL11B, B-cell CLL/lymphoma 11B; miR, microRNA; WT, wild-type; NC, negative control; MUT, mutated.](IJMM-40-06-1840-g05){#f6-ijmm-40-06-1840}

![siRNA silencing of BCL11B. (A) The relative expression level of BCL11B in the NC group and the BCL11B-specific siRNA group was measured by ELISA. (B) Western blot analysis was used to measure the protein expression of caspase-8 and BCL11B. (C) The expression level of BCL11B was determined by immunofluorescence analysis. ^\*\*^P\<0.05. siRNA, small interfering RNA; BCL11B, B-cell CLL/lymphoma 11B; NC, negative control; HRGEC, human renal glomerular endothelial cell; ELISA, enzyme-linked immunosorbent assay.](IJMM-40-06-1840-g06){#f7-ijmm-40-06-1840}

![Silencing of BCL11B reduces HRGEC viability. (A) Flow cytometry was used to measure the apoptotic rate of the NC and siBCL11B groups, which was then (B) quantified. (C) A cell counting kit-8 assay was performed at 24, 48 and 72 h after siRNA transfection. ^\*\*^P\<0.05 vs. the NC group. BCL11B, B-cell CLL/lymphoma 11B; HRGEC, human renal glomerular endothelial cell; siRNA, small interfering RNA; NC, negative control; FITC, fluorescein isothiocyanate; PI, propidium iodide; OD, optical density.](IJMM-40-06-1840-g07){#f8-ijmm-40-06-1840}

![Effect of the co-transfection of the miR-650 mimic and BCL11B-specific siRNA. (A) The apoptotic rate was detected by flow cytometry. (B) Western blot analysis was performed to measure the protein expression of caspase-8 and BCL11B. ^\*\*^P\<0.05. BCL11B, B-cell CLL/lymphoma 11B; miR, microRNA; siRNA, small interfering RNA; FITC, fluorescein isothiocyanate; PI, propidium iodide.](IJMM-40-06-1840-g08){#f9-ijmm-40-06-1840}

###### 

Demographic and clinical characteristics of renal allograft recipients.

  Characteristic                                 Group           
  ---------------------------------------------- --------------- ---------------
  No. of patients                                19              10
  Male, no. (%)                                  12 (63)         8 (80)
  Female, no. (%)                                7 (37)          2 (20)
  Age, year (range)                              41.5 (25--65)   38.7 (22--54)
  Type of allograft                              --              --
  Deceased donor                                 19              9
  Living donor                                   0               1
  Type of donor                                  --              --
   Related                                       0               1
   Unrelated                                     19              9
  Data from ultrasound                           --              --
   Increased interlobar arteries RI              0               7
   Normal interlobar arteries RI                 19              3
  Urine volume (ml/24 h), mean ± SD              2124.8±22.2     1790.6±24.7
  Blood creatinine level (*μ*mol/l), mean ± SD   223.6±16.3      568.2±20.3

RI, resistive index; SD, standard deviation.
